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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hologram recording 
medium and a hologram information recording and reproducing 
device, showing high sensitivity, high diffraction efficiency and 
excellent multiangle recording performance. 
SOLUTION: In the hologram recording medium, the refractive 
index is varied, by incorporating a photoreaction accelerator and 
dyes which vary the absorbance for the light at the wavelength 
different from that of the recording light into the hologram 
recording layer. The superior hologram recording medium and 
the hologram information recording and reproducing device are 
realized, by heating the hologram recording medium by a 
medium heating device to allow the photoreaction accelerator 
to react with the dyes. 
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* NOTICES * 

iTPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The hologram record medium characterized by providing the hologram recording layer containing 
a transparence substrate, the light of the 1st wave and the photoreaction accelerator which reacts formed on 
this transparence substrate, and the coloring matter from which the absorption coefficient to the light of the 
2nd wave which differs from said 1st wave according to an operation of this photoreaction accelerator 
changes. 

[Claim 2] the 1st transparence substrate — this — with the light of the 1st wave and the photoreaction 
accelerator which reacts formed on the 1 st transparence substrate The hologram recording layer containing 
the coloring matter from which the absorption coefficient to the light of the 2nd wave which differs from 
said 1st wave according to an operation of this photoreaction accelerator changes, The hologram record 
medium characterized by providing the spacer which is between the 2nd transparence substrate prepared on 
this hologram recording layer, and said 1 st and 2nd transparence substrates, and has been arranged to fields 
other than said hologram recording layer [claim 3] Said photoreaction accelerator is a hologram record 
medium according to claim 1 or 2 characterized by being a photo-oxide generating agent or an optical 
radical generating agent. 

[Claim 4] A transparence substrate, and the light of the 1st wave and the photoreaction accelerator which 
reacts formed on this transparence substrate, The hologram record medium equipped with the hologram 
recording layer containing the coloring matter from which the absorption coefficient to the light of the 2nd 
wave which differs from said 1st wave according to an operation of this photoreaction accelerator changes, 
The base material which supports this hologram record medium, and the light source which has the 
wavelength which excites said photoreaction accelerator, The space modulator arranged on the optical path 
of the record light obtained from this light source, and the optical system which makes the reference beam 
obtained from said light source, and said record light cross by said hologram recording layer, The hologram 
mold information record regenerative apparatus characterized by having the photodetector arranged on the 
optical path of said record light which passed said hologram record medium. 

[Claim 5] the 1st transparence substrate — this - with the light of the 1st wave and the photoreaction 
accelerator which reacts formed on the 1st transparence substrate The hologram recording layer containing 
the coloring matter from which the absorption coefficient to the light of the 2nd wave which differs from 
said 1 st wave according to an operation of this photoreaction accelerator changes, The hologram record 
medium equipped with the spacer which is between the 2nd transparence substrate prepared on this 
hologram recording layer, and said 1st and 2nd transparence substrates, and has been arranged to fields other 
than a hologram recording layer, The base material which supports this hologram record medium, and the 
light source which has the wavelength which excites said photoreaction accelerator, The space modulator 
arranged on the optical path of the record light obtained from this light source, and the optical system which 
makes the reference beam obtained from said light source, and said record light cross by said hologram 
recording layer, The hologram mold information record regenerative apparatus characterized by having the 
photodetector arranged on the optical path of said record light which passed said hologram record medium. 
[Claim 6] The hologram mold information record regenerative apparatus according to claim 4 or 5 
characterized by having hologram record-medium heating apparatus around the base material which 
supports said hologram record medium or said hologram record medium. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a hologram record medium and a hologram mold 
information record regenerative apparatus, and relates to the volume hologram record medium and hologram 
mold information record regenerative apparatus which record especially an interference fringe with the 
refractive-index difference inside a recording layer. 
[0002] 

[Description of the Prior Art] The hologram technique attracts attention as an information record system 
which becomes possible [ treating the data of a large quantity in recent years ]. If a hologram technique is 
used, by irradiating a reference beam at a different include angle, it is possible to perform multiplex writing 
to the same field, and three-dimension-record is possible by using a volume mold hologram record medium. 
The structure of equipment is explained using the schematic diagram of the transparency mold hologram 
mold information record regenerative apparatus shown in drawing 12 . A hologram mold information record 
regenerative apparatus records information on the record section 1 18 in the hologram record medium 1 17 by 
irradiating the record light 122 and the reference beam 121 which are a coherent light from two directions. 
Corresponding to the information to record, with the space modulator 115, wavelength or a phase is 
modulated and the record light 122 interferes in the record light 122 and a reference beam 121 in a record 
section 118. Since the hologram record medium 117 has the property in which a refractive index changes 
according to an interference pattern, the refractive-index change according to the informational content is 
recorded on a record section 118. 

[0003] Next, the playback approach of hologram information is explained. Informational playback is 
performed only using a reference beam 121. record light - electromagnetism - it is intercepted by closing a 
shutter 116 and only a reference beam 121 carries out incidence to the hologram record medium 1 17. Since 
a reference beam 121 produces diffraction in the record section 118 which changed the refractive index 
beforehand at the time of record, although record light has not carried out incidence, the diffracted light 
which has the same information as the record light 122 which irradiated at the time of record reaches to a 
photodetector 1 20, and information is reproduced. 
[0004] 

[Problem(s) to be Solved by the Invention] As mentioned above, the hologram mold information record 
regenerative apparatus is constituted, research is briskly done about a hologram mold information record 
regenerative apparatus, especially a hologram record medium, and the record medium using a silver salt 
emulsion, dichromated gelatin, a photopolymer, etc. is proposed. However, various faults have arisen in the 
Prior art. The description and fault of the hologram record medium concerning a Prior art are described 
below. 

[0005] (A) Silver salt emulsion : expose a silver salt emulsion to the silver halide distributed in the gelatin 
layer, and it records a hologram by depositing silver. When a silver salt emulsion is used as a hologram 
mold information record medium, high sensibility can be realized, but on the other hand chemical 
treatments, such as development, washing, and bleaching, are needed after exposure, and there is a fault that 
these processings are complicated. Moreover, a gelatin layer deforms by the chemical treatment or 
desiccation, and the fault of the recorded information not being reproduced by accuracy also exists. 
[0006] (B) Dichromated gelatin : expose dichromated gelatin into the ingredient which dipped the gelatin 
layer in the ammonium-dichromate solution, and gave photosensitivity, and it records a hologram by 
stiffening gelatin. When dichromated gelatin is used as a hologram mold information record medium, 
washing and the dehydration processing by isopropyl alcohol are needed after exposure, there is a fault that 
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processing is complicated, and a gelatin layer deforms by those processings, or a fault, like a gelatin layer is 
weak for moisture exists. 

[0007] (C) Photopolymer : a photopolymer records a hologram by carrying out the polymerization of the 
monomer by exposure, and changing a refractive index. Since informational record is performed by the 
polymerization of a monomer when a photopolymer is used as a hologram mold information record 
medium, the fault that change of the volume by the polymerization reaction is not avoided in essence exists. 
[0008] (D) Photorefractive crystal : generally lithium niobate, barium titanate, etc. which doped iron ion as a 
photorefractive crystal are used, and exposure separates a charge spatially within a crystal, and record a 
hologram by changing a refractive index by the internal electric field produced by the redistribution of a 
charge. When using a photorefractive crystal as a hologram mold information record medium, a fault, like a 
property changes with individuals with difficult and expensive producing a big crystal exists. 
[0009] (E) Photorefractive polymer : a photorefractive polymer is an ingredient with engine performance, 
such as charge generating by exposure, charge transport, and the electro-optical effect, like a photorefractive 
crystal, separates a charge spatially by exposure and records a hologram by changing a refractive index by 
the internal electric field produced by the redistribution of a charge. When using a photorefractive polymer 
as a hologram mold information record medium, since the internal electric field formed of exposure are 
small, it is necessary to prepare an electrode in a medium front face and to impress electric field from the 
exterior, and the fault that equipment is complicated exists. 

[0010] (F) Photoresist : a photoresist changes the solubility to a solvent by exposure, and records a hologram 
as irregularity according to a phenomenon. When using a photoresist as a hologram mold information record 
medium, the development process other than an optical exposure is required, and since hologram record of 
the information is carried out on a front face as irregularity, production of a volume hologram is intrinsically 
difficult and which fault with difficult include-angle multiplex writing exists. 

[001 1] In addition to the fault of the hologram record medium according to the above-mentioned individual, 
the following thing is mentioned as a trouble in the case of using as a hologram mold information record 
medium common to the above-mentioned hologram record ingredient. That is, in order to obtain the 
sensibility of writing, the matter which has a big absorbancy index in the wavelength of record light is being 
used for a hologram record ingredient. Moreover, in order to decrease the record light reinforcement within 
a record medium exponentially generally, in the conventional hologram record medium, a hologram will 
mainly be recorded only near the front face by the side of the incidence of record light in the recording layer 
of a record medium. Therefore, it is inferior to the include-angle selectivity at the time of hologram 
playback, and include-angle multiplex record is difficult. Moreover, since it has a big absorbancy index, 
diffraction efficiency is also inferior, and sufficient sensibility cannot be obtained. 

[0012] Therefore, the object of this invention is offering the hologram record medium and hologram mold 
information record regenerative apparatus which have high sensibility. 

[0013] Other objects of this invention are offering the hologram record medium and hologram mold 

information record regenerative apparatus which have high diffraction efficiency. 

[0014] Other objects of this invention are offering a hologram record medium and a hologram mold 

information record regenerative apparatus excellent in the include-angle multiplex record engine 

performance. 

[0015] 

[Means for Solving the Problem] The 1st description of this invention has been arranged in the specific 
location on a transparence substrate and its transparence substrate. The hologram recording layer 
characterized by including the coloring matter from which the absorbancy index to the light of wavelength 
which reacts with a photoreaction accelerator and is different from the above-mentioned wavelength by 
irradiating the light of the wavelength which excites a photoreaction accelerator and a photoreaction 
accelerator changes, It is the point which is between the transparence substrate arranged on a hologram 
recording layer, and the above-mentioned transparence substrate and the transparence substrate on a 
hologram recording layer, and is the hologram record medium which consisted of spacers which combine 
both the transparence substrate arranged to fields other than a hologram recording layer with a 
predetermined distance. It activates by irradiating the light which has specific wavelength, and a 
photoreaction accelerator means the coloring matter and reactant which are contained in a hologram 
recording layer here. Moreover, coloring matter is coloring matter from which it reacts with the acid which 
reacted with the photoreaction accelerator which has irradiated the light of specific wavelength, said that 
from which the absorbancy index to wavelength other than the specific wavelength of the result above- 
mentioned changes, for example, was generated when a photoreaction accelerator was a photo-oxide 
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generating agent, and the absorbancy index to another wavelength changes. A transparence substrate is a 
concept containing an inorganic ingredient and an organic ingredient that what is necessary is just a 
transparent substrate. 

[0016] According to the 1st description of this invention, it becomes that from which the wavelength of the 
light which irradiates a hologram record medium, and the wavelength of the light from which an absorbancy 
index changes in a hologram record medium differed. Therefore, since the absorbancy index of the 
hologram record medium to a reference beam does not change in case the recorded information is read, it 
becomes possible to acquire high diffraction efficiency. Moreover, in order to record information with two 
matter called the coloring matter which plays the role from which an absorbancy index changes to the light 
of different specific wavelength from the photoreaction accelerator which plays the role reacted to the light 
irradiated from the light source, and the wavelength of the light source, it becomes possible to choose the 
matter suitable for each role independently. That is, compared with the case where these two roles are 
played by one matter, the width of face of selection of the matter becomes large, and it becomes possible to 
obtain a better hologram record medium. 

[0017] In addition, it is desirable that they are a photo-oxide generating agent or an optical radical 
generating agent as a photoreaction accelerator. An optical radical generating agent means the matter which 
generates a radical by irradiating the light of specific wavelength here by a photo-oxide generating agent 
meaning the matter which generates an acid by irradiating the light of specific wavelength. When a photo- 
oxide generating agent or an optical radical generating agent is used for a photoreaction accelerator, in order 
that the acid or radical produced by the photo-oxide generating agent may react with two or more coloring 
matter continuously, when one photon carries out incidence, the absorbancy index of the light of the specific 
wavelength of two or more matter changes. That is, it is possible to realize the hologram record medium of 
high sensitivity. 

[001 8] The 2nd description of this invention has been arranged on a transparence substrate and its 
transparence substrate. The hologram recording layer characterized by including the coloring matter from 
which the absorbancy index to the light of wavelength which reacts with a photoreaction accelerator and is 
different from said wavelength by irradiating the light of the wavelength which excites a photoreaction 
accelerator and a photoreaction accelerator changes, It is characterized by consisting of spacers which 
combine both the transparence substrate that is between the transparence substrate arranged on a hologram 
recording layer, and the above-mentioned transparence substrate and the transparence substrate on said 
hologram recording layer, and has been arranged to fields other than a hologram recording layer with a 
predetermined distance. A hologram record medium, the base material which fixes a hologram record 
medium, and the light source which has the wavelength which excites the above-mentioned photoreaction 
accelerator, The space modulator arranged on the optical path of the record light obtained from the light 
source, and the optical system which makes the reference beam obtained from the above-mentioned light 
source, and record light cross by the hologram recording layer, It is in the point which is the hologram mold 
information record regenerative apparatus characterized by having the photodetector arranged on the optical 
path of the record light which passed the hologram record medium. Here, a photoreaction accelerator, 
coloring matter, and a transparence substrate are the same concepts as the thing in the 1st description of this 
invention, and a space modulator is equipment which modulates spatially the phase or wavelength of record 
light obtained from the light source. 

[0019] Moreover, as for the hologram mold information record regenerative apparatus in the 2nd 
description, it is desirable to have the heating apparatus for heating a hologram record medium around the 
base material for fixing a hologram record medium or a hologram record medium. The acid produced by the 
ability irradiating the light of specific wavelength by having heating apparatus becomes possible [ being 
around spread efficiently with heat ]. Therefore, it can react to two or more coloring matter and chain targets 
which exist in a perimeter, and the hologram mold information record regenerative apparatus which has high 
sensibility on the occasion of record can be offered. 
[0020] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with 
reference to a drawing. In the publication of a drawing, the sign identically the same into a similar part or 
similar is attached. However, a drawing is typical and the thickness of a hologram record medium, the ratio 
of the magnitude of the relation of width of face and the configuration article of a recording device, etc. 
should care about differing from an actual thing. Moreover, of course, the part from which the relation and 
the ratio of a mutual dimension differ also in between drawings is contained. 

[0021] (Gestalt of the 1st operation) The structure of the hologram record medium used for the transparency 
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mold hologram mold information record regenerative apparatus concerning the gestalt of operation of the 
1st of this invention is explained below using drawing 1 and drawing 2 R> 2. 

[0022] The hologram record medium concerning the gestalt of the 1st operation is set to transparence 
substrate 6a, hologram recording layer 4b arranged on transparence substrate 6a, and transparence substrate 
6b arranged on hologram recording layer 4b from the spacer 5 arranged among the transparence substrates 
6a and 6b. Hologram recording layer 4b is constituted by the coloring matter 3 from which the absorbancy 
index to the light of wavelength which reacts with a matrix material 1, a photo-oxide generating agent 2, and 
the acid generated from a photo-oxide generating agent 2 by optical exposure, and is different from the 
above-mentioned light changes. 

[0023] A matrix material 1 is transparent matter which constitutes the whole hologram recording layer. As 
an ingredient of a matrix material 1, polymethylmethacrylate is used with the gestalt of the 1st operation. A 
photo-oxide generating agent 2 is matter which has the property of generating a lifting and an acid for a 
chemical reaction by irradiating excitation light. With the gestalt of the 1 st operation, diphenyliodonium 
hexa fluorophosphoric acid is used as a photo-oxide generating agent 2. Coloring matter 3 is the acid 
generated from the photo-oxide generating agent 2 by the exposure of excitation light, and matter which has 
the property of reacting. With the gestalt of the 1st operation, the coloring matter expressed with a chemical 
formula 1 as coloring matter 3 is used. 
[0024] 
[Formula 1] 



If up-and-down quartz glass 6a and 6b is transparent matter which operates the vertical front face of a 
hologram recording layer orthopedically, achieves such an object since it is for protecting a hologram 
recording layer, and has thermal resistance, it can be used except a quartz. Similarly, although the spacer 5 
also uses the fluororesin in the gestalt of the 1st operation, as long as it is the thing of the construction 
material which has thermal resistance and does not deform easily, construction material other than a 
fluororesin may be used as a spacer. 

[0025] The above-mentioned matrix material 1, a photo-oxide generating agent 2, and coloring matter 3 
make it the hologram recording layer which constitutes the hologram record medium concerning the gestalt 
of the 1st operation at a weight ratio, it is intermingled at a rate of 96:2:2, and these components are 
distributed in a hologram recording layer at homogeneity. When the rate of a photo-oxide generating agent 2 
and coloring matter 3 becomes large, it becomes impossible to disregard any absorption of light other than 
the field which it is going to record, although things other than the above are sufficient as a photo-oxide 
generating agent 2 and the rate to the matrix material 1 of coloring matter 3. Since the fault that the 
diffraction efficiency of a hologram record medium falls by that cause is produced, as for the rate of a 
photo-oxide generating agent 2 and coloring matter 3, carrying out to below a fixed value is desirable. In 
addition, drawing 1 and drawing 2 are mimetic diagrams to the last, and the magnitude of the particle which 
is for making an understanding of the structure of a hologram record medium easy, and a photo-oxide 
generating agent 2 and coloring matter 3 reach comparatively, and constitutes these by drawing 1 about 
hologram recording layer 4b is not determined. 

[0026] Even if a matrix material 1 is except polymethylmethacrylate, heat deformation is not carried out 
easily [ it is highly transparent and ], but if the acid generated in a hologram recording layer is able to carry 
out thermal diffusion, it can be used as a matrix material 1 . High molecular compounds, such as polystyrene 
and a polycarbonate, the inorganic glass produced by the sol-gel method are mentioned as a raw material of 
the concrete matrix material 1 . In addition, as for a matrix material 1 , from a viewpoint which makes easy 
thermal diffusion of the acid generated in a hologram recording layer, it is desirable to take amorphous 
structure. 

[0027] Even if it is except diphenyliodonium hexa fluorophosphoric acid, a photo-oxide generating agent 2 
is activated to the excitation light of specific wavelength, and if an acid is generated, it will not be cared 
about. Specifically, sulfonium salt, diazonium salt, a FOSUFONI parrot salt, etc. are mentioned as a raw 
material of a photo-oxide generating agent 2. 
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[0028] Even if coloring matter 3 is except the compound indicated in the above-mentioned chemical 
formula 1 , if it reacts with an acid and an absorbancy index changes, it will not be cared about. Specifically, 
cyanine, a merocyanine derivative, a coumarin derivative, a chalcone derivative, etc. are mentioned as a raw 
material of coloring matter 3. 

[0029] Next, the manufacture approach of the hologram record medium concerning the gestalt of the 1st 
operation is explained. 

[0030] (b) Mix the coloring matter of the chemical formula 1 above-mentioned publication which are the 
polymethylmethacrylate which is the raw material of a matrix material 1 , the diphenyliodonium hexa 
fluorophosphoric acid which is the raw material of a photo-oxide generating agent 2, and the raw material of 
coloring matter 3 so that a weight ratio may be set to 96:2:2, and dissolve this in the ethyl lactate which is a 
solvent. 

[003 1] (b) Stir the raw material dissolved in ethyl lactate for 3 hours. It is for making homogeneity distribute 
a photo-oxide generating agent 2 and coloring matter 3, and a matrix material 1 in ethyl lactate, (c) As 
shown in drawing 3 R> 3 (a), length and width carry out the cast of the ethyl lactate which the dissolved raw 
material distributed to homogeneity on quartz-glass 6a of magnitude (3cm and thickness 0.5mm), 
respectively. 

[0032] (d) Heat the temperature of quartz-glass 6a at 120 degrees using a heater, and maintain the condition 
for 1 hour. Consequently, the ethyl lactate of a solvent evaporates and hologram recording layer 4b is 
obtained. 

[0033] (e) It is on quartz-glass 6a, and on the field where the cast of the ethyl lactate is not carried out, as 
shown in drawing 3 (b), arrange a spacer 5. A spacer 5 consists of a fluororesin and the height of a spacer 5 
is 50 micrometers. Quartz-glass 6b still more nearly different from quartz-glass 6a is prepared, and this 
quartz-glass 6b is arranged in the upper part of a spacer 5 and the above-mentioned hologram recording 
layer 4b. 

[0034] (Passing) Maintaining quartz-glass 6a at the temperature of 120 degrees, as shown in drawing 3 (c), a 
pressure is applied to homogeneity from the upper part of quartz-glass 6b to hologram recording layer 4b. 
Hologram recording layer 4b is horizontally extended by the pressure from a top. When two spacers 5 and 
quartz-glass 6b stick, the thickness of hologram recording layer 4b becomes homogeneity with 50 
micrometers. 

[0035] (**) - after being orthopedically operated until the thickness of hologram recording layer 4b became 
homogeneity, as shown in drawing 3 (d), the whole temperature is lowered even to a room temperature. In 
order to lower the whole temperature, there is the approach of supplying quartz-glass 6a in the approach, 
water, and the liquid nitrogen which are contacted to a low-temperature metal. To quench is more desirable, 
although a hologram record medium is obtained even if it performs this cooling process over many hours. It 
is because a photo-oxide generating agent 2 will serve as structure which is easy to carry out thermal 
diffusion if a result object becomes amorphous, and a better hologram record medium is obtained. The 
hologram record medium applied to the gestalt of the 1st operation above is completed. 
[0036] Next, the structure of the transparency mold hologram information record regenerative apparatus 
concerning the gestalt of the 1 st operation is explained using drawing 3 . 

[0037] The transparency mold hologram information record regenerative apparatus concerning the gestalt of 
the 1st operation contains the beam splitter 7 which has the function to divide into a reference beam 16 and 
the record light 1 7 the coherent light produced from the light source 6 which used the argon laser (lambda= 
488nm), and the light source 6. moreover - the optical-path top of the record light 17 ~ order [ from / near 
the beam splitter 7 ] - a mirror 9, the space modulator 11, and electromagnetism ~ a shutter 12 is arranged 
and the mirror 8 and the neutral density filter 10 are arranged in order near the beam splitter 7 on the optical 
path of a reference beam 16. The hologram record medium 4 is fixed by the copper plate 14 in the lower 
part, and the optical passage holes 14a and 14b for passing record light and a reference beam are formed in 
the copper plate 14. Heater 18a is arranged at the lower part of a copper plate 14. Heater 18a is connected 
with temperature-controller 18c, and temperature-controller 18c is connected with the hologram record 
medium 4 through thermocouple 1 8b. The hologram record medium 4 is maintained at the fixed temperature 
set up by temperature-controller 18c by this. Moreover, incidence of the record light 17 and the reference 
beam 16 is carried out from the top face of the hologram record medium 4, and the record light 17 and a 
reference beam 16 have crossing structure in the record section 13 inside a hologram record medium. 
Moreover, the photodetector 15 is arranged on the optical path of the record light 17 after the record light 17 
passes a hologram record medium. 

[0038] As long as it carries out outgoing radiation of the coherent light and carries out outgoing radiation of 
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the wavelength which a photo-oxide generating agent 2 is excited [ wavelength ] and generates an acid, the 
light sources other than laser may be used for the light source 6 here. Moreover, even when laser is used, it 
is possible to use helium-Ne laser, an YAG laser, semiconductor laser, etc. in addition to an argon laser. 
When especially semiconductor laser is used, the advantage that it is possible to miniaturize the light source 
6 and a hologram information record regenerative apparatus can be miniaturized arises. Moreover, since 
various oscillation wavelength can be realized by adjusting the ratio of the mixed crystal of the semi- 
conductor which constitutes laser when semiconductor laser is used for the light source 6, the wavelength of 
the light source 6 can be changed according to a photo-oxide generating agent, and there is also an 
advantage that the width of face of selection of a photo-oxide generating agent 2 spreads. In addition, as for 
the oscillation wavelength of the light source 6, it is desirable that it is not the wavelength which excites 
coloring matter 3 directly. When coloring matter 3 is excited directly, it is for the absorbancy index to the 
light of the wavelength of the light source 6 to change, and for disadvantage to arise in respect of diffraction 
efficiency. 

[0039] Since a copper plate 14 is what is prepared in order to fix the hologram record medium 4, if fixable, 
it is not necessary to limit it to a copper plate. In order to let a reference beam 16 and the record light 17 
pass to a copper plate, the structure using the transparent matter is also desirable instead of a copper plate in 
addition to the structure which formed the optical passage holes 14a and 14b. Since an optical loss does not 
produce the structure which furthermore fixes the hologram record medium 4 from a side face, either, it is 
desirable. Heating apparatus is for heating the hologram record medium 4, and various gestalten are possible 
for it as long as this object is attained. Radiation heating by the thing of the indirect heating structure by 
raising the temperature of the environment of the hologram record-medium circumference or 
electromagnetic wave exposure is sufficient also as the thing of structure which a heater is directly contacted 
to a hologram record medium, and heats it. If it is the approach which the property of the field of record 
non-irradiation does not change even if it is other means, but an acid can diffuse even to surrounding 
coloring matter, using as heating apparatus is possible. Moreover, although the heater is arranged under the 
copper plate 14 in drawing 3 R> 3, the location of a heater is not limited to this, but is possible also for 
arranging to the lateral portion of the hologram record medium 4, and may be fUrther included in the interior 
of a copper plate 14. What is necessary is just the location which does not bar the optical path of a reference 
beam 16 and the record light 17, but can heat the hologram record medium 4 efficiently. 
[0040] Moreover, the space modulator 1 1 is equipment which modulates a phase, wavelength, etc. of the 
record light 1 7 spatially. 

[0041] Next, the informational record approach using the hologram record medium 4 and transparency mold 
hologram information record regenerative apparatus concerning the gestalt of the 1st operation is explained 
below using drawing 3 and drawing 1 . 

[0042] The light discharged from the light source 6 is divided into a reference beam 16 and the record light 
17 by the beam splitter 7. In order that a direction may be changed and a reference beam 16 may take after 
passing a beam splitter 7 for the reinforcement of the same level as the record light 1 7 after that by the 
mirror 8, a reference beam 16 receives strong adjustment with the neutral density filter 10. The light source 
6 and the neutral density filter 10 are adjusted so that the optical reinforcement of the reference beam 16 in a 
record section 13 and the record light 17 may be set to 3mW. Incidence of the reference beam 16 is carried 
out to the hologram record medium 4 after that, the electromagnetism in the condition of the phase having 
been modulated and having opened it with the space modulator 1 1 after the direction was changed into the 
record light 17 by the mirror 9 — incidence is carried out to the hologram record medium 4 after passing a 
shutter 12. With the phase modulation of the record light 17 performed with the space modulator 1 1 here, it 
is carried out according to the information recorded in a record section 13. For example, when recording the 
information on 1 , a phase is modulated so that the record light 1 7 and a reference beam 1 6 may suit in slight 
strength in a record section 13, and when recording the information on 0, a phase is modulated so that the 
record light 17 and a reference beam 16 may weaken each other in a record section 13. 
[0043] In a record section 13, a reference beam 16 and the record light 17 cross. In this case, when 
interference starts and there is light in slight strength, the photo-oxide generating agent 2 which exists in a 
record section 1 3 reacts with light, and an acid is generated. 

[0044] After an acid is generated from a photo-oxide generating agent 2 according to the information which 
it is going to record in a record section 13, the hologram record medium 4 is heated by heating apparatus. 
Although a copper plate 14 is heated by heater 18a, in order to keep whenever [ stoving temperature ] at 80 
degrees, temperature-controller 18c performs a temperature control. Heating is performed for 1 minute. By 
heating the hologram record medium 4, with heat, the acid generated in process of informational record is 
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spread around, and contacts two or more coloring matter 3. Since it has the property in which coloring 
matter 3 reacts with an acid and an absorbancy index changes, the refractive index to the reference beam 16 
in a record section 13 changes. 

[0045] The concrete mechanism from which the refractive index in a record section 30 changes with the 
exposures of light is as follows. In drawing 5 , a curve 1 is a graph which shows the absorption spectrum of 
the hologram record-medium 4 whole concerning the gestalt of the 1st operation. This curve 1 shows the 
absorption spectrum in the condition that information is not recorded. Moreover, a curve 2 shows the 
absorption spectrum by coloring matter 3, and the curve 3 shows the absorption spectrum by the photo- 
oxide generating agent 2. 

[0046] On the other hand, drawing 6 is a graph which shows the absorption spectrum in hologram recording 
layer 4b after recording information by irradiating the argon laser whose wavelength is 488nm to the 
hologram record medium 4, and heating a medium. If drawing 5 is compared with drawing 6 , although the 
absorbance near the wavelength of 488nm of the light source will decrease, an absorbance decreases notably 
rather than it in a 400-460nm [nm / 488 / with a peak of a short wavelength side and 437nm ] field. This is 
for the phenomenon of the absorbance by coloring matter 3 appearing notably rather than the absorbance by 
the photo-oxide generating agent 2, in order that the acid generated by the photo-oxide generating agent 2 
may react continuously with two or more coloring matter 3. 

[0047] The following relational expression is materialized between this absorption spectrum and the 

refractive index of hologram recording layer 4b. 

[0048] 

nlambda2=ninfinity2+Dlambda02/(lambda2-lambda02) .... (1) 

A refractive index in case the wavelength of ninfinity is infinity here, and D are values decided by oscillator 
strength of the site which absorbs the light in a medium, and lambda 0 is wavelength from which an 
absorbance serves as max, and is 437nm in the hologram record medium 4 concerning the gestalt of the 1st 
operation. Here, if informational record before is compared with the record back, in order that the 
absorbancy index of hologram recording layer 4b may decrease, the value of D decreases and the refractive 
index in the wavelength of lambda= 488nm of a reference beam decreases. When a refractive index 
decreases, and incidence of the reference beam is carried out, diffraction arises and it becomes reproducible 
[ information ]. Moreover, in order for change of the absorbance of the medium in hologram record order to 
decrease a refractive index efficiently and to perform record playback of a hologram small in the gestalt of 
the 1st operation from drawing 5 , drawing 6 , and a formula (1), it is desirable to use the light source 6 from 
which the wavelength lambda of the record light 17 and a reference beam 16 excites only a photo-oxide 
generating agent 2, and the absolute value of lambda-lambda 0 serves as min. 

[0049] Next, how to reproduce the recorded information is explained. Informational playback is performed 
by irradiating only a reference beam 16 at the hologram record medium 4. although the light by which 
outgoing radiation was carried out from the light source 6 also in the renewal process is divided into a 
reference beam 16 and the record light 17 by the beam splitter 7 ~ the record light 17 - the optical path — 
on the way — coming out - electromagnetism — it is intercepted by closing a shutter 12 and incidence is not 
carried out to the hologram record medium 4. 

[0050] Diffracting the reference beam 16 which carried out incidence in a record section 13, the diffracted 
light passes along the optical-path top of the record light 1 7 at the time of information record. Since this 
diffracted light reproduces the spatial modulation information which the record light 17 had, it can detect the 
spatial modulation information which the record light 17 had in a photodetector 15. The optical information 
detected in the photodetector 1 5 is changed into an electric signal, and is outputted as data. 
[005 1 ] Next, in order to measure the engine performance of the transparency mold hologram information 
record regenerative apparatus concerning the gestalt of the 1st operation, it experimented about diffraction 
efficiency and the include-angle multiplex record engine performance. In this experiment, diffraction 
efficiency is what was doubled 100 about the ratio of the reinforcement of the reference beam 16 inputted at 
the time of playback, and the reinforcement of the diffracted light detected in a photodetector 15, and % is 
expressed as a unit. Moreover, the include-angle multiplex record engine performance is judged with the 
peak width to whenever [ incident angle / of the reference beam 16 of a graph ]. 

[0052] The transparency mold hologram mold information record regenerative apparatus used the matter as 
the gestalt of the 1st operation also with the hologram record medium 4 same about a matrix material 1, a 
photo-oxide generating agent 2, and coloring matter 3 using the equipment shown in drawing 3 R> 3. 
[0053] Informational record set the record light 17 and a reference beam 16 to 3mW, and was performed by 
irradiating for 1 second. The record section was set as a depth of 30 micrometers from the front face of a 
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hologram recording layer. 

[0054] After irradiating the record light 17 and a reference beam 16, with heating apparatus, heated the 
copper plate at 80 degrees C, and diffused the acid generated for 1 minute, it was made to react continuously 
with surrounding coloring matter 3, and information was recorded. 

[0055] informational playback — the record light 17 — electromagnetism — it carries out by intercepting by 
closing a shutter 12 and carrying out incidence only of the reference beam 16 to the hologram record 
medium 4. In usual, although whenever [ incident angle / of a reference beam 16 ] was set as the same 
include angle as the time of record and information was reproduced, in order to investigate also about the 
include-angle multiplex record engine performance, the include angle of a reference beam was changed 
having used whenever [ incident angle / of the reference beam 16 at the time of record ] as 0 times, and 
diffraction efficiency was measured by this invention. Moreover, the light source 6 used the same thing as 
the time of record, and set reinforcement of a reference beam 16 to 0.3mW. 

[0056] Adopting the photodiode as a photodetector 15 for detecting the reproduced information, it fixed on 
extension of the optical path of the record light 17, and the photodiode measured the diffracted light. 
[0057] The result measured the above condition is shown in the curve 1 of drawing 7 . When whenever 
[ incident angle / of a reference beam 16 ] was the same include angle as the time of record, the sharp peak 
was shown in 0 times in a graph, and diffraction efficiency also showed 10% of value. It became clear for 
half- value width to be narrow and for peak intensity to be able to write much information in the same field 
from a strong thing in the transparency mold hologram mold information record regenerative apparatus 
concerning the gestalt of the 1 st operation. That is, from a graph, whenever [ incident angle / of the 
reference beam at the time of recording ] is considered that it is possible to newly write in information about 
0.5 degrees in distinction from the information which was boiled and was more nearly already written in, 
alias a frog, and 360-bit information can be theoretically written in the same field. With the conventional 
optical recording medium, since only 1 -bit information can be written in the same field, when the magnitude 
of a record medium is the same, with the hologram record medium 4 concerning the gestalt of the 1st 
operation, it is thought that storage capacity increases by leaps and bounds. Moreover, since a record section 
13 is 30 micrometers in depth from the front face of the hologram record medium 4 and could be recorded 
also in this depth in this experiment, it was proved that it could record enough also not only in near the front 
face of the hologram record medium 4 but in the interior. In the conventional hologram record medium, it 
can be said that the hologram record medium 4 concerning the gestalt of the 1 st operation has a big 
advantage to the ability to have recorded only near the front face. Moreover, compared with the example of 
a comparison described below, it became clear [ that the sensibility at the time of reading also becomes 
high ] from diffraction efficiency being dramatically high. 

[0058] The graph which shows the diffraction efficiency and include-angle selectivity by the conventional 
technique is expressed to a curve 2 for a comparison. A curve 2 is the result of using the hologram record 
medium to which the refractive index of a record section is changed by irradiating the light which excites 
coloring matter directly unlike the gestalt of the 1 st operation, and changing the absorbancy index of 
coloring matter. In order to collateralize objectivity, coloring matter and a matrix material are the values as 
the hologram record medium of the gestalt of the 1 st operation also with the same concentration of coloring 
matter using the same object as the hologram record medium of the gestalt of the 1st operation. Moreover, in 
order for the wavelength of the light source to excite coloring matter directly, unlike the gestalt of the 1st 
operation, the lambda= 457.9nm argon laser was used, but values, such as reinforcement of the other light 
source and irradiation time, are the same as the experiment about the gestalt of the 1st operation. 
[0059] As for it, the result shown in the curve 2 turns out also in diffraction efficiency that it is greatly 
inferior also in the include-angle multiplex record engine performance compared with the curve 1 which 
shows the result about the gestalt of the 1st operation. In case it reads, in order to obtain sufficient sensibility 
from diffraction efficiency being low, it is required to strengthen the reinforcement of a reference beam. 
Since the wavelength of the light source and the absorption spectrum of coloring matter are in agreement, it 
is considered for the light transmittance of a hologram record medium to fall that diffraction efficiency 
serves as a low value when the absorbancy index of coloring matter changes. Moreover, since peak width is 
wide, the number of information recordable on the same field also decreases compared with the hologram 
record medium concerning the gestalt of the 1st operation. 

[0060] Moreover, the configuration change before and behind informational record was investigated about 
the hologram record medium 4 concerning the gestalt of the 1 st operation. By the atomic force microscope, 
the irregularity of the record section 13 neighborhood is Inm or less, and most configuration change of the 
hologram record medium 4 by hologram information record was not observed. 
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[0061] The hologram record medium used for the method hologram information record regenerative 
apparatus of transparency and it concerning the gestalt of the 1st operation from the above experiment 
became clear [ that the property which was excellent as compared with the Prior art is shown ]. 
[0062] There are the following advantages by using the hologram record medium concerning the gestalt of 
the 1st operation. 

[0063] The acid produced [ 1 st ] by the reaction to the light of a photo-oxide generating agent 2 is diffused 
with heat, and reacts continuously with two or more coloring matter 3. Therefore, if one photon is irradiated 
by the record section 4, the absorbancy index of two or more coloring matter 3 near a field will change. In a 
Prior art, as compared with a Prior art, the amount of the matter from which an optical property changes 
with a fixed quantity of light increases the hologram record medium 4 which one molecule reacts to one 
photon, and is applied to the gestalt of the 1 st operation since it was only that a refractive index changes by 
leaps and bounds, and the write-in sensibility of the hologram record medium 4 improves. Therefore, if it is 
the same sensibility, it can be possible to lessen the amount of a photo-oxide generating agent, change of the 
absorbance to the light of the wavelength of the light source of the hologram record medium 4 after record 
can be suppressed low by that cause, and the transparency of a medium can be raised. 
[0064] The separate matter is bearing [ 2nd ] light, the role which reacts, and the role to which the 
absorbancy index of a record section is changed. It becomes possible to choose the matter suitable for each 
application according to an individual by this. Conventionally, as record matter, it had to react with light, 
and the matter which fulfills at once two conditions of changing a refractive index had to be chosen, and the 
alternative of the matter was restricted. 

[0065] Development is performed to the 3rd after a record light exposure by the simple method of heating 
the hologram record medium 4 with heating apparatus. Therefore, compared with the conventional record 
medium which develops negatives by the complicated chemical treatment, a hologram information 
recording device is realizable with simple structure, and since the development process is simple, there are 
also few burdens placed on a record medium. Furthermore, since it is not necessary to make a chemical like 
a developer permeate the interior of a medium, it is not necessary to use a gelatin layer for a matrix material 
1 like the conventional example. 

[0066] When the absorbancy index to the light of different wavelength from the record light 17 and a 
reference beam 16 changes to the 4th, the refractive index of a record section 13 changes. Therefore, 
although the effect by change of a refractive index receives the record light 17 and a reference beam 16, the 
effect by difference of an absorbancy index ends few. For this reason, it can control that the record light 17 
and a reference beam 1 6 are absorbed by the hologram record medium 4 in the process in which the record 
light 17 and a reference beam 16 pass through the inside of a hologram record medium. Therefore, the 
hologram record medium which was excellent conventionally in respect of transmittance and diffraction 
efficiency is realizable. 

[0067] (Gestalt of the 2nd operation) The gestalt of operation of the 2nd of this invention is explained with 
reference to drawing 8 . The gestalt of the 2nd operation is characterized by recording information by using 
the optical radical generating agent 19 for a photoreaction accelerator in a hologram recording layer, 
reacting to coloring matter 20 with the radical produced by the optical radical generating agent, and an 
absorbancy index's changing, and changing a refractive index to the light source in a record section. 
[0068] In the gestalt of the 2nd operation, the optical radical generating agent 19 to be used uses iodonium 
salt. Moreover, a porphyrin derivative is used as coloring matter 20. 

[0069] Let the hologram record medium using the hologram recording layer concerning the gestalt of the 
2nd operation be the thing of the structure shown in drawing 2 like the gestalt of the 1 st operation. If up- 
and-down quartz glass 6a and 6b is transparent matter which operates the vertical front face of a hologram 
recording layer orthopedically, achieves such an object since it is for protecting a hologram recording layer, 
and has thermal resistance, it can be used except a quartz. Similarly, although the spacer 5 also uses the 
fluororesin in the gestalt of the 1st operation, as long as it is the thing of the construction material which has 
thermal resistance and does not deform easily, construction material other than a fluororesin may be used as 
a spacer. 

[0070] The above-mentioned matrix material 1, the optical radical generating agent 19, and coloring matter 
20 make it the hologram recording layer which constitutes the hologram record medium concerning the 
gestalt of the 1 st operation at a weight ratio, it is intermingled at a rate of 96:2:2, and these components are 
distributed in a hologram recording layer at homogeneity. When the rate of the optical radical generating 
agent 1 9 and coloring matter 20 becomes large, it becomes impossible to disregard any absorption of light 
other than the field which it is going to record, although things other than the above are sufficient as the 
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optical radical generating agent 19 and the rate to the matrix material 1 of coloring matter 20. Since the fault 
that the diffraction efficiency of a hologram record medium falls by that cause is produced, as for the rate of 
the optical radical generating agent 19 and coloring matter 20, carrying out to below a fixed value is 
desirable. In addition, like drawing 1 , drawing 8 is a mimetic diagram to the last, it is for making an 
understanding of the structure of a hologram recording layer easy, and the magnitude of the particle which 
the optical radical generating agent 19 and coloring matter 20 reach comparatively, and constitutes these by 
drawing 8 is not determined. 

[0071] Even if a matrix material 1 is except polymethylmethacrylate, heat deformation is not carried out 
easily [ it is highly transparent and ], but if the acid generated in a hologram recording layer is able to carry 
out thermal diffusion, it can be used as a matrix material 1. High molecular compounds, such as polystyrene 
and a polycarbonate, the inorganic glass produced by the sol-gel method are mentioned as a raw material of 
the concrete matrix material 1 . In addition, as for a matrix material 1 , from a viewpoint which makes easy 
thermal diffusion of the acid generated in a hologram recording layer, it is desirable to take amorphous 
structure. 

[0072] Even if it is except iodonium salt, the optical radical generating agent 19 is activated to the excitation 
light of specific wavelength, and if a radical is generated, it will not be cared about. Specifically, a seleno 
NIUMU salt, arsonium salt, etc. are mentioned as a raw material of the optical radical generating agent 19. 
[0073] Even if coloring matter 3 is except a porphyrin derivative, if it reacts with a radical and an 
absorbancy index changes, it will not be cared about. Specifically, organic compounds, such as the Kiki San 
Teng derivative, a thioxanthene derivative, an AZURENIUMU derivative, and a squarylium derivative, are 
mentioned as a raw material of coloring matter 20. 

[0074] Next, the manufacture approach of the hologram record medium concerning the gestalt of the 2nd 
operation is explained. 

[0075] (b) Mix the porphyrin derivative which is the raw material of coloring matter 20 with the 
polymethylmethacrylate which is the raw material of a matrix material 1 , and the iodonium salt which is the 
raw material of the optical radical generating agent 19 so that a weight ratio may be set to 96:2:2, and 
dissolve this in the ethyl lactate which is a solvent. 

[0076] (b) Stir the raw material dissolved in ethyl lactate for 3 hours. It is for making homogeneity distribute 
the optical radical generating agent 19 and coloring matter 20, and a matrix material 1 in ethyl lactate. 
[0077] (c) As shown in drawing 10 (a), length and width carry out the cast of the ethyl lactate which the 
dissolved raw material distributed to homogeneity on quartz-glass 6a of magnitude (3cm and thickness 
0.5mm), respectively. 

[0078] (d) Heat the temperature of the above-mentioned quartz-glass 6a at 120 degrees using a heater, and 
maintain the condition for 1 hour. Consequently, the ethyl lactate of a solvent evaporates and hologram 
recording layer 4b is obtained. 

[0079] (e) It is on the above-mentioned quartz-glass 6a, and on the field where the cast of the ethyl lactate is 
not carried out, as shown in drawing 1 0 (b), arrange a spacer 5. A spacer 5 consists of a fluororesin and the 
height of a spacer 5 is 50 micrometers. Quartz-glass 6b different from the further above-mentioned quartz- 
glass 6a is prepared, and this quartz-glass 6b is arranged in the upper part of two spacers 5 and the above- 
mentioned hologram recording layer 4b. 

[0080] (Passing) Maintaining quartz-glass 6a at the temperature of 120 degrees, as shown in drawing 10 (c), 
a pressure is applied to homogeneity from the upper part of quartz-glass 6b to hologram recording layer 4b. 
Hologram recording layer 4b is horizontally extended by the pressure from a top. When two spacers 5 and 
quartz-glass 6b stick, the thickness of hologram recording layer 4b becomes homogeneity with 50 
micrometers. 

[0081] (**) ~ after being orthopedically operated until the thickness of hologram recording layer 4b became 
homogeneity, as shown in drawing 10 (d), the temperature of ****** i s lowered even to a room 
temperature. In order to lower the whole temperature, there is a means of supplying quartz-glass 6a in the 
means, water, and the liquid nitrogen which are contacted to a low-temperature metal. To quench is more 
desirable, although a hologram record medium is obtained even if it performs this cooling process over 
many hours. It is because a photo-oxide generating agent 2 will serve as structure which is easy to carry out 
thermal diffusion if a result object becomes amorphous, and a better hologram record medium is obtained. 
The hologram record medium applied to the gestalt of the 1 st operation above is completed. 
[0082] In addition, it is also useful to consider as the structure of making multilayer structure like drawing 9 
about the hologram recording layer concerning the gestalt of the 1st and the 2nd operation. The 1st and the 
hologram recording layer in the gestalt of the 2nd operation are characterized by a photoreaction accelerator 
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and coloring matter having the multilayer structure to which the photoreaction layer 21 containing a photo- 
oxide generating agent 2 and the absorption spectrum change layer 22 containing coloring matter 3 carried 
out the laminating of the hologram recording layer in the gestalt of the 3rd operation by turns to distributing 
uniformly in a matrix agent. Such structure prepares independently a photoreaction accelerator, the thing 
which melted the matrix material to the organic solvent, and the thing which melted coloring matter and a 
matrix material to the organic solvent, forms the organic solvent which contains coloring matter on quartz 
glass the cast or by carrying out a spin coat, and forms the organic solvent which contains a photoreaction 
accelerator next with vacuum deposition. The hologram record medium of multilayer structure can be 
manufactured by repeating the above process. 

[0083] (Gestalt of the 3rd operation) Next, the reflective mold hologram mold information record 
regenerative apparatus concerning the gestalt of the 3rd operation is explained. The equipment concerning 
the gestalt of the 3rd operation has the beam splitter 24 equipped with the function which divides the light 
from the light source 23 and the light source into the 2-way of the record light 34 and a reference beam 33 as 
shown in drawing 1 1 R> 1 . moreover — the optical-path top of the record light 34 — order [ from / near the 
beam splitter 24 ] — the space modulator 27 and electromagnetism — a shutter 28 is arranged and the mirror 
25, the neutral density filter 26, and the mirror 3 1 are arranged in order near the beam splitter 24 on the 
optical path of a reference beam 33. The hologram record medium 29 is arranged in the neighborhood of the 
field where the record light 34 and a reference beam 33 cross, and a record medium 29 is fixed by the 
copper plate 36 in the right lateral section, and heating apparatus 35 is arranged at the left lateral section of a 
record medium 29. Moreover, incidence of the record light 34 is carried out to a record medium from the top 
face of the hologram record medium 29, and the reference beam 33 has structure which carries out incidence 
to a record medium from the underside of the hologram record medium 29 by adjusting the location of a 
mirror. 

[0084] The combination of the photo-oxide generating agent used with the gestalt of the 1st operation, the 
optical radical generating agent which starts the gestalt of the 2nd operation also in the combination of 
coloring matter, and coloring matter is also available for the hologram record medium 29 used for the 
reflective mold hologram mold information record regenerative apparatus concerning the gestalt of the 3rd 
operation. Moreover, what consists of multilayer structure which consists of a photoreaction layer 
concerning the gestalt of the 3rd operation and an absorption spectrum change layer also with the structure 
from which a photoreaction accelerator and coloring matter were uniformly distributed in the hologram 
record medium is available. Moreover, if information record of a reflective mold hologram mold is the 
structure where the record light 34 is irradiated from a top face to the hologram record medium 29, and a 
reference beam is irradiated from an underside, since it is possible, it doubles with the gestalt of a reflective 
mold hologram mold information record regenerative apparatus, and it can adjust the number of mirrors 
suitably. However, from a viewpoint which controls lowering of the reinforcement of record light and a 
reference beam, little direction of the number of mirrors is desirable. Moreover, although the hologram mold 
information record regenerative apparatus concerning the gestalt of the 5th operation is made into the 
structure where a beam splitter 24 separates the one light source 23 into two, the two light sources may be 
separately used for the object for record light, and reference beams. However, the equipment for taking the 
synchronization of wavelength and a phase in that case is needed separately. Moreover, if it is the structure 
which incorporated heating apparatus 35 into the copper plate 36, the further miniaturization of a hologram 
mold information record regenerative apparatus will be attained. In addition, radiation heating by the thing 
of the indirect heating structure by the thing of structure which a heater is directly contacted to a hologram 
record medium, and heats it also raising the temperature of the environment of the hologram record-medium 
circumference, or electromagnetic wave exposure is sufficient as heating apparatus 35. If it is the means 
which the property of the field of record non-irradiation does not change even if it is other means, but an 
acid can diffuse even to surrounding coloring matter, using as heating apparatus is possible. 
[0085] Next, the informational record approach using the hologram record medium 4 and transparency mold 
hologram information record regenerative apparatus concerning the gestalt of the 3rd operation is explained 
below using drawing 1 1 . 

[0086] The light discharged from the light source 23 is divided into a reference beam 33 and the record light 
34 by the beam splitter 24. In order that a direction may be changed and a reference beam 33 may take after 
passing a beam splitter 24 for the reinforcement of the same level as the record light 34 after that by the 
mirror 25, a reference beam 33 receives strong adjustment with the neutral density filter 26. After that, by 
the mirror 3 1 , a direction is changed again and incidence is carried out to the hologram record medium 29 
from younger Men. the electromagnetism in the condition of the phase having been modulated and having 
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opened the record light 34 with the space modulator 27 — incidence is carried out to the hologram record 
medium 29 after passing a shutter 28. With the phase modulation of the record light 34 performed with the 
space modulator 27 here, it is carried out corresponding to the content of the information recorded in a 
record section 30. For example, when recording the information on 1, a phase is modulated so that the 
record light 34 and a reference beam 33 may suit in slight strength in a record section 30, and when 
recording the information on 0, a phase is modulated so that the record light 34 and a reference beam 33 
may weaken each other in a record section 30. 

[0087] In a record section 30, a reference beam 33 and the record light 34 cross. In this case, when 
interference starts and there is light in slight strength, the photo-oxide generating agent 2 which exists in a 
record section 30 reacts with light, and an acid is generated. 

[0088] Next, the approach of the development record is explained. After an acid is generated from a photo- 
oxide generating agent 2 according to information in a record section 30, the hologram record medium 29 is 
heated by heating apparatus 35. Therefore, with heat, the acid generated in process of informational record 
is spread around, and contacts two or more coloring matter 3. Since it has the property in which coloring 
matter 3 reacts with an acid and an absorbancy index changes, the refractive index to the reference beam 16 
in a record section 1 3 changes. 

[0089] Next, how to reproduce the recorded information is explained. Informational playback is performed 
by irradiating only a reference beam 16 at the hologram record medium 4. although the light by which 
outgoing radiation was carried out is separated from the light source 6 by the beam splitter 7 — the record 
light 17 - after that - electromagnetism - it is intercepted by closing a shutter 12 and incidence is not 
carried out to the hologram record medium 4. 

[0090] Diffracting the reference beam 33 which carried out incidence in a record section 30, the diffracted 
light passes along the optical-path top of the record light 32 at the time of information record. Since this 
diffracted light reproduces the spatial modulation information which the record light 32 had, it can detect the 
spatial modulation information which the record light 34 had in a photodetector 32. The optical information 
detected in the photodetector 32 is changed into an electric signal, and is outputted as data. 
[0091] (Gestalt of other operations) As mentioned above, although the gestalt of the 3rd operation indicated 
this invention from the 1st, it should not be understood that the statement and the drawing which make a part 
of this disclosure are what limits this invention. It is thought by this contractor from this disclosure that the 
gestalt, example, and employment technique of various alternative implementation become clear. 
[0092] For example, the application as a photoreaction accelerator is possible also for the matter which does 
not need to limit to a photo-oxide generating agent or an optical radical generating agent, and does not need 
to interpret about the photoreaction accelerator used for the hologram record medium applied to the gestalt 
of the 3rd operation from the 1st, for example, reacts with light, and generates strong alkali and strong ion. 
in addition — also coming out — the hologram record medium which combined matter from which it is an 
inactive matrix material and two or more other matter, and reacts considering light as a catalyst to light, and 
an absorbancy index changes with objects as a result is also possible. 

[0093] Moreover, it is possible to devise a hologram mold information playback dedicated device from the 
structure of the reflective mold hologram mold information record regenerative apparatus concerning the 
gestalt of the 3rd operation. Since it is not necessary to carry out incidence of the record light when it carries 
out only to playbacks, it is unnecessary, and if the light source and a neutral density filter are arranged to 
reference beams, it is sufficient for the complicated structure using a beam splitter, a mirror, etc. Moreover, 
the reference beam 33 has been irradiated to the same side as a photodetector 32 to the hologram record 
medium 29 by the equipment concerning the gestalt of the 3rd operation. Moreover, whenever [ over the 
hologram record medium 29 of a reference beam 33 and the record light 34 / incident angle ] can arrange the 
photodetector light source in the location which approached arbitration when whenever [ incident angle / of 
record light ] was made almost vertical to the front face of the hologram record medium 29, since it was able 
to set up, as long as interference arises. Moreover, it is possible to use small semiconductor laser for the 
light source as mentioned above, and a photodiode can also be used for a photodetector. Therefore, it is 
possible to miniaturize a playback device dramatically, and it is the magnitude which is present portable CD 
player extent, and the large pocket mold hologram mold information playback dedicated device of storage 
capacity can be realized rather than DVD. 

[0094] Moreover, it is also effective to make large width of face of the light which carries out outgoing 
radiation from the light source of the hologram mold information record regenerative apparatus concerning 
the gestalt of the 1st and the 3rd operation. In this case, since it is possible to put two-dimensional 
information on record light, in the writing which is 1 time, two or more information is recordable. 
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Moreover, even if it faces reading, two or more information can be read at a time by using for a 
photodetector the equipment in which a thing like CCD for which optical information is read two- 
dimensional is possible. Therefore, as compared with the conventional information recording device in 
which only the writing and readout of the information on singular are possible, high-speed actuation is once 
realizable. 

[0095] Thus, he should understand that this invention includes the gestalt of various operations which have 
not been indicated here etc. Therefore, this invention is limited by only the invention specification matter 
which starts an appropriate claim from this disclosure. 
[0096] 

[Effect of the Invention] As explained above, according to this invention, the hologram record medium and 
hologram mold information record regenerative apparatus which have high sensibility can be offered. 
[0097] Moreover, according to this invention, the hologram record medium and hologram mold information 
record regenerative apparatus which have high diffraction efficiency can be offered. 
[0098] Furthermore, according to this invention, a hologram record medium and a hologram mold 
information record regenerative apparatus excellent in the include-angle multiplex record engine 
performance can be offered. 

[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 5/31/2006 



JP,2002-297004,A [DRAWINGS] 



Page 1 of 4 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 



o • • • o • o— ' 

t> • O O o ♦ 
» o o • ■ o « • 



-1 Th'Jyi'^ 



[Drawing 2] 



4b*o$^A 




5 x^-*- 



[Drawing 3] 



4b*Q^3AE»JB 




(b) 



4b*n*?AEIMI 




(c) 



-4b 



4b 



vzzzzzzz* 

[Drawing 4] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



5/31/2006 



JP,2002-297004,A [DRAWINGS] 



Page 2 of 4 




[Drawing 5 ] 

3| i 




400 460 500 550 

[Drawing 7] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 5/31/2006 



JP,2002-297004,A [DRAWINGS] 



Page 3 of 4 




[Drawing 9] 



[Drawing 10] 



(a) 



-21 jtfiM 




(b) 



(C) 




6a 



4b 



.6b 
~6a 



[Drawing 1 1 ] 



http : // www4 . i pdl . ncipi . go j p/cgi -bin/tr an_web_cgi_ej j e 



5/31/2006 



JP,2002-297004,A [DRAWINGS] 



Page 4 of 4 




[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 5/3 1 /2006 



Page 1 of 2 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CORRECTION OR AMENDMENT 



[Kind of official gazette] Printing of amendment by the convention of 2 of Article 17 of Patent Law 
[Category partition] The 2nd partition of the 6th category 
[Publication date] June 2, Heisei 17 (2005. 6.2) 

[Publication No.] JP,2002-297004,A (P2002-297004A) 

[Date of Publication] October 9, Heisei 14 (2002. 10.9) 

[Application number] Application for patent 2001-102405 (P2001- 102405) 

[The 7th edition of International Patent Classification] 

G03H 1/02 

G03F 7/004 

G03H 1/04 

G03H 1/22 

G03H 1/28 

[FI] 

G03H 1/02 

G03F 7/004 503 Z 

G03F 7/004 521 

G03H 1/04 

G03H 1/22 

G03H 1/28 

[Procedure amendment] 

[Filing Date] August 17, Heisei 16 (2004. 8.17) 

[Procedure amendment 1 ] 

[Document to be Amended] Description 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[The content of amendment] 

[Claim(s)] 

[Claim 1] 

Transparence substrate, 

The hologram recording layer containing the light of the 1st wave and the photoreaction accelerator which 
reacts formed on this transparence substrate, and the coloring matter from which the absorption coefficient 
to the light of the 2nd wave which differs from said 1st wave according to an operation of this photoreaction 
accelerator changes 

The hologram record medium characterized by providing **. 
[Claim 2] 

The 1 st transparence substrate, 

this » the hologram recording layer containing the light of the 1st wave and the photoreaction accelerator 
which reacts formed on the 1st transparence substrate, and the coloring matter from which the absorption 
coefficient to the light of the 2nd wave which differs from said 1 st wave according to an operation of this 
photoreaction accelerator changes, 

The 2nd transparence substrate prepared on this hologram recording layer, 
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The spacer which is between said 1st and 2nd transparence substrates, and has been arranged to fields other 
than said hologram recording layer 

The hologram record medium characterized by providing **. 
[Claim 3] 

Said photoreaction accelerator is a hologram record medium according to claim 1 or 2 characterized by 
being a photo-oxide generating agent or an optical radical generating agent. 
[Claim 4] 

Transparence substrate, 

The hologram record medium equipped with the hologram recording layer containing the light of the 1st 
wave and the photoreaction accelerator which reacts formed on this transparence substrate, and the coloring 
matter from which the absorption coefficient to the light of the 2nd wave which differs from said 1st wave 
according to an operation of this photoreaction accelerator changes, 
The base material which supports this hologram record medium, 

The light source which has the wavelength which excites said photoreaction accelerator, 

The space modulator arranged on the optical path of the record light obtained from this light source, 

The reference beam obtained from said light source, and optical system in which said record light is made to 

interfere by said hologram recording layer, 

The photodetector arranged on the optical path of said record light which passed said hologram record 
medium 

The hologram mold information record regenerative apparatus characterized by having **. 
[ClaimS] 

The 1 st transparence substrate, 

this ~ the hologram recording layer containing the light of the 1st wave and the photoreaction accelerator 
which reacts formed on the 1st transparence substrate, and the coloring matter from which the absorption 
coefficient to the light of the 2nd wave which differs from said 1st wave according to an operation of this 
photoreaction accelerator changes, 

The 2nd transparence substrate prepared on this hologram recording layer, 

The spacer which is between said 1st and 2nd transparence substrates, and has been arranged to fields other 

than a hologram recording layer 

The hologram record medium equipped with **, 

The base material which supports this hologram record medium, 

The light source which has the wavelength which excites said photoreaction accelerator, 

The space modulator arranged on the optical path of the record light obtained from this light source, 

The reference beam obtained from said light source, and optical system in which said record light is made to 

interfere by said hologram recording layer, 

The photodetector arranged on the optical path of said record light which passed said hologram record 
medium 

The hologram mold information record regenerative apparatus characterized by having **. 
[Claim 6] 

The hologram mold information record regenerative apparatus according to claim 4 or 5 characterized by 
having hologram record-medium heating apparatus around the base material which supports said hologram 
record medium or said hologram record medium. 



[Translation done.] 



http://ww4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fww 5/31/2006 



•.Searching PAJ 



1/2 ^— V 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2002-297004 
(43)Date of publication of application : 09.10.2002 



(51)lnt.Cl. 


G03H 


1/02 




G03F 


7/004 




G03H 


1/04 




G03H 


1/22 




G03H 


1/28 



(21 Application number : 2001-102405 (71 Applicant : TOSHIBA CORP 

(22)Date of filing : 30.03.2001 (72)Inventor : MATSUMOTO KAZUNORI 

HIRAO AKIKO 



(54) HOLOGRAM-RECORDING MEDIUM, AND HOLOGRAM TYPE INFORMATION RECORDING 
AND REPRODUCING DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a hologram 
recording medium and a hologram information recording 
and reproducing device, showing high sensitivity, high 
diffraction efficiency and excellent multiangle recording 
performance. 

SOLUTION: In the hologram recording medium, the 
refractive index is varied, by incorporating a photoreaction 
accelerator and dyes which vary the absorbance for the 
light at the wavelength different from that of the recording 
light into the hologram recording layer. The superior 
hologram recording medium and the hologram information 
recording and reproducing device are realized, by heating 
the hologram recording medium by a medium heating 
device to allow the photoreaction accelerator to react with 
the dyes. 



LEGAL STATUS 

[Date of request for examination] 1 7.08.2004 

[Date of sending the examiner s decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner s decision of 
rejection] 

[Date of requesting appeal against examiners 
decision of rejection] 

http://www19.ipdl.ncipi.gojp/PA1 /result/detail/main/wAAA9baqlxDA414297004P2.h... 2006/01/31 



1* 



,7 * > a 

"v a, 
■ • • ^ ..... .. 



<5, Of * * H ° 



1 -*:b W*frZL*l 



Searching PAJ 2/2 ¥ 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://www19.ipdl.ncipi.go.Jp/PA1/result/detail/main/wAAA9baqlxDA414297004P2.h... 2006/01/31 



(i9) axmwfjf (jp) 



(12) ^ 



4f I* 2t 



(a) (ii)ttituH&n#^ 

#112002-297004 
(P2002-297004A) 

(43)&HH ¥j*14#10fl 9 8(2002.10.9) 



(51)Inta 7 




WBtfiBft 




GO 3H 


1/02 




G 0 3 H 1/02 2 H 0 2 5 


GO 3F 


7/004 


5 0 3 


G 0 3 F 7/004 5 0 3 2 2 FC 0 0 ft 






5 2 1 


O a J. 


GO 3H 


1/04 




G 0 3 H 1/04 




1/22 




1/22 






•ass* 








*$SS200 1 ~ 1 02405( P2001 - 1 02405) 


(71)fflIKA 000003078 










cm turns 




¥/£13*p3 JJ30H (2001.3.30) 










(72)3H8# — fi 








»3syii«;ii«*#K^^u^Hri«ja * 
















(72)»W# ¥S 
























(74)ftHA 100083806 








#Sbt =Jf (*7«) 











(54) [5fiW©*f« ^n^^AfSS^R^n^^ASitfffflgsaff^fli 



(57) [gift] 




-1- 



MfEfg 1 Stffg 2 <0gW8£<0WT?& ^ TifiiH* n 9? 
2 ffi«© *Di?7 AfES&f*. 
^ t ttts *a y ^ AlBSiB i: *«t* fc* a 9? AS® 

DM! 5] Kfl<D3gW*Ri:, 
KM 1 aSB&ffLklcKt*- Stifc. Si l »fi<D)fcfcSlS 

SB 1 »StS*S02»S<O)tk:itrSK«l«&^ft: 

•?z&mt&&ts*n9 i 7L.&mm£. 

K* p y ? ASSm ftfcg! 2 <DSW»« i: , 

m*v9?i&mmt&t3m-rz>%&ftt. 
Silt, 



(2) ftH 2002-297004 

2 

[|R*9( 6 3 WE*p ^ h&mm% b < OWE* 

a 9=7 L^m^^t z3m#vmmic*o 9^1^ 

[0001] 

70 ms*v97i±mwmm?i%MkW\c.%z>*><ox'3b 

[000 2] 

c t t «t oth— mmz^mm^^ 
ft o c t &*>jmx-2i> k> . mm* a 9=7 Lmmmw^m 

£ttflia:«a-^?AGflttK»l 1 7*<Dffi^«l 1 8 
k:2O0073lRl^e». Rr=F^£©^-e*5l5@?tel 2 2R 

xs&wt \ 2 i ^-sawrsctjcto. tti8«iE®*fT 
p. iB^i 2 2 \m^r^mk\m^x^ssmm 

2 2 t#f&7fci 2 i 1 1 stcfet^TT^-r 

[0 0 0 3] ^»c, *a^A1ffflflDS^^*SiWr 
So IfffiOS^lis 1 2 1 <D*^fflV^Tfffctl 

Mwstis *o^Affis«{ti i 7ic»±#aa3fei 2 i 
40 s 1 2 o 'siau ffimtimz.?* tis . 

[0 0 0 4] 

z>o L&vmz<»miX'i,m4<DX&tfi3iCx^z<, u 
T\cmz<o&Wiicfrfrz*v9^i±mmmft<o'\m£, 

50 [0 0 0 5] (A) Mffi^JiJ : mmSLMli. 



-2- 



3 

mtfm^mmiL vxm^tcw&. n^am&j&n* 
[0006] (b) m^uLm^^y : m^uLma 

7^:/**n^ASHltf8ieii&fl:fc Uffl^ftW. 

[0007] (C) 7* hsKUV— : 7* hsKUv— \i 
oy^AM1t?Si2Mi«#fcLT/B^;fcl§£\ 1f^<DfeS5 

[0008] (D) 7*KV77^TY^f B :7*h 
U77^f^ :7*£|i tLT ^" F — y l/fc— si" 

[0009] (E) 7*h'J77i'f-f7'* , jT-:7 

itio Tm$i&*mtmz c tic*. t> jfco y^AS: 
ESS-rS. 7th'J77i'f-f7*yv-4*njr7A 

[00 10] (F) y* hl^XI- : 7* hUi^XKi 
^ASfffBiEil&f*i:LTfll^£l§^ JfeMltODfatc^ 



(3) #118 2002-297004 

[0 0 1 1] ±fBL;fc®3tf©*ny^AieS&#©$o£ 
£*n*i\ ±IB*D^AieS^»c«ji-r-5*Dy^ 
Aiiitfflies^f**: LTffl^5^&op.ga^i: lt^© 

CfctfW&tiS. -r&fc-5*n^Affigtftf=lt±, ft 

yo se*o*a^Aiaaj^«:t?t±. *n^At±fa»«g# 

[0 0 1 2] ft^T^fgWOSWWu HSl^g*#-rS 
*p Ai5g«f*&tf *n A3Jfit?8iegB£liB 

[0013] *^w^ffioiwi±x its^iHisfjai^^-r 
[0014] *%w<oftfi©asgti, nm&mgzmnmiz 

[0 0 15] 

StiSCiitcfct) ftSJSffijftSiJ t SIS L MMOiS^ £ n 
Cfc«r#Sii:-r5*u^A|Baili:, ^a^Afgg 

o T^tS7^-t- £ A> nft*Dy 7 AfS 

[0 0 16] *^W<0^1O#©fC<Jcn^ *D^7i» 



-3- 



s 

=5:5. 

[0017] &43, JtSiSffiJiSItLTliJfc^^iJg 

[0018] *&w<Dmz<o¥mit. mmm&z. *<o 
mmyt<D>m±.\cwm. l t *#-r s c t 

[0 0 19] Sfc, m2<Dft®l£t3VZ*u7 ; 7Lmm 



(4) #gg 2002-297004 

6 

[0 0 2 0] 

[HfSB©flSS©Jgag] OT. 0S«r#B8LT*^O* 
iE^BO^^S^SSoifc 

So 

[0021] (jgi <D$m<D&m *&w<Dm 1 ©*&6 
2^ffl^T«T»cSiwrSo 

[00221 11 OSIM©?gS|{c*^S*a^l,ffiS 

*nm£ii4bt, *n^7AiaaSi4 b<£>±fc 
EB?nfcSWSffi6 b SWatS6 a, 6 b<DHfc 
20 EB£ttfcX'<--^-5fr?>fcS. *D^7ASgf4 

T«l/fr£tlT(,->5o 

[0 0 2 3] VMJ y^X«l«s *a^AE»B« 
^^m-rsaw^ar-^s. V M> y *X*f 1 «D 

*m t LT, mi <D$m<0fcf&T-l,i# V * 

u—hfcfB^*. ^^*2ij2i±, mmswmmstiz 
K^rffl^s. fe*3«. acosmic* 9 ftaBs&n 

^ l o^«5o^Sg-p{±fe^3 i: bTfb^S i -e^na 



[00 2 4] 

[fbi] 




O CHj 



±T©53IA*7X6 a, 6bt±, *ay^AIBSB©± 



-4- 



7 

[o o 2 5] m i <D$m<!)&mcfrfrz&a77LMim 

9*7 AfSSBfcti±fa«Ov h y y ^ 

x#k ims&mz. &m3t>\ asjttbT9 6 : 

2 : 2<E>fi|-g-T*igftLT*5t>, cn5©«/SHS8«:*a 

u&M3 ©7 h y *x# i tc^-rsfij-&»i±EJe«i-flD 
jtas^au 2 Rtf&as 3 om&it-fevmxr ttzc 

t«*Llr>. SlStf02t±*<$T?«S0T 

* -3 -ofeggg^au 2 st/fesg 3 cosfeRzfc tiz%m 

[0 0 2 6] VMJy^l tt#V**A>*jtiry ]s 

WnJfllT^ntfV h U <y *X# 1 t LXWfitj t nimV2b 
5. Uttft&v h V v 9 7M 1 <0ii»**£ LTjJ" U X<?*- U 

h y y 1 tt#BS«3S*£S c t& 

[0 0 2 7] 7fcH58£&|2«, i?7i-;l/3- K^SA 
^■tJ-^^ayvSJL^T'SoTt,, 1#Jtj£ft©®ig 

[0 0 2 8] fe|g3 l±±fB©{fc^i£ 1 icmmLtc{t-£%o 

[0 0 2 9] ^1 <Ti$m<0T&mc-frfr2>jsxi>? ; 7 

2±m®m&(Dwmjj&ic-2^TWffl-?z>o 40 

[0030] 00 -rhu -y*x#i ©iimr-fc^y 
^ * * y u- h i: v mmsm 2 ©j^ts * ^ 

6:2: 2i:*5J;?ii^U cn«rrg«T-^5^x 
[003 1] (a) SJfcx^McigiSar-a-fcig?*^ 3 
M 1 ^aS?x^;l/^Jc^-fc^«t^-ii-5fei6T*^5 0 



2002-297004 

3 (a) k:^-r<k^k:«Ei:«i*^ti^ti3 cm, Waro. 
5nm<D^5053I^X 6 a ±fc^^X h-TS. 
[00 32] (-) 52S#~^X6 aCDiSgSrfc-*— £ 
tot 1 2 OfitcMSU 1 B*Nreotttt£IH*rS. 

S4 bjb*»5tiS„ 

[0 0 3 3] (*) 53S;tf7X6 a±-?£^T, ?L&X 
f^a'^+XhSttTt^fct^^LktcSS (b) tC^f 
cfcdfcX-^— 9"-5^EB-r5o X^— 9— 5ti7y|g 
1Sfli*^*D, ^-^-5©]|JH50/im-CS5. 
2f £fc:5$S;*f7X 6 a £t*gM>E9bff? X 6 b fcfflit 
U C©52S:#7X6 b^X^— if-5&tf±iB<0*ci 
^7AI5Sii4 b©±gPfCEM-T5o 

[0 0 3 4] </\> 531**7X6 a*12 0gW>igg»C 
«o/"c**T% S3 (c) icgrr^lce^tf^xe b 

j&nx.So *o^AfBS5B4 bt±±*^£0ff^jlcj;t)« 
fc§l€JIt£S*l5. 2 -QCOX^— y-— 5 ^e^^T^X 6 
btfaggf 5Ci: lets, *;ay^AiBfS»4 bflDff^ 
* ? f^— 5 0 /imfc&So 

[00 3 5] (h) 03 (d) fC^-rj;-5t^py7A 
ESUi 4 b <Dmt£ &i$-\c%: 5 ■* T'SJg^ tlfc^ 

«5H^x 6 a fcffiigo&fi a g^4^-a-5?5-^f % 7j< 

a*^n*3&»» rfr-3 r t>*u y^ AfBS^i*a#?. n 
<D$m<D&fmcfrfr% * a y ^ AtBS^^^-r s 0 

[0 0 3 6] ^ 1 ©HMO-g'glca^Sjg&S* 

[0037] mi <Qmm<D&micfrfrzm&m&n 
L^mmmm'&gm*, r^rfvu— y- a = 4 s 8 

nm) ^TfflV>fcJtS6 i:, ^6*^^55^=^* 

#,^ti 6i:Efi^i 7\c#m?zi&m%:G-rz\£-& 

xyVvZ-ltttSo $fc, IB^l 7©3tB5±fc« 
tf-AXyy -y^— 7©fi<A>e.jlIl»C-i^-9 x ^ffi^ 
39811 K «18v'^-y^-l 2^iBBSti, #^l 6 

©ftss±tct± if- Ax-/y 3»- 7 ©is < - v 

— 8, -a-h7;l'fyi'f-f-7^/l'^-l O^EI 
Snt^5„ *oy^AffiSj««:4l±^tfDTgi5»i:fe^T 
flfil 4 tc,toT@S$ru *i«l 4 fc»ifB@7tRCf# 
M7fc£Sjg2-£S;fci{><D7fca®?Ll 4 a. 1 4 b*^tt 
5nri/->5o \ 4<DTgPfct±t;— ^— 1 8 a^SSS 
^nT^^5 0 1 8 atiigSnvha— 7— l 8 

c £jg^£*u iSAav'hn— ^— i SciiS^mjti 8 

b^aLT*a^A|5^«:4i:S^nT^S. C 



-5- 



9 

<D c £ »c * t> sfco 4 ttiSSn v h a— 7 

-1 8 cT*g3ELfc— ^iSSlcefctiSo IBS 

xmmyti itmmx e^mt^mmt^x^ 
to 03 8] ccx-yemeicii^ *i=?im.v>9t*\m? 

rf>U— tf-tm»CHe-Ne U— If-. YAGWf 

g-e*^ c t ^as l v\, feat 3 #it&E)i&* tifc» 
its 6 (otemoffictt? * sbttssttfgtft-r s c t 

[0 0 3 9] 4t±, *n^Ai2^SfM;&@5£ 

b^. jbnftOMii. *a^ASS«»4*io^-r5fc 

=7 L.mmmfrmm<Dmm<DMmit±&-z -e s c t k * 5 

RSgiOf&gtifi© fc <o-«f ttBtttfiMft: J; smftafe-o t> J; 

3 fc*5V>T«®& 1 4<DTfc:fc.— *-#EH2nT<^S 

S^4<DMffigPtiBB-r5<ii:fepII6-CSD, 
t±S!«l 4<0rtgBlC-&46Tfc#l*>ftV\, #S*83fcl 6 st; 

CO 0 4 0] 2HSIHI1 Hi> Eft&l 7 ©fit 
[0 0 4 1] #tc, Sgi <0*flS<0Jg8Hcft»^s*a^ 
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EV\fc1fffi^iEg;5£fco^T@3;fttf0l *m^XM. 

[0042] ftiil6fre>f£l*;*ti;fc3ttt. vf-AX^'J 
«^-7f#Mi 6f:fBS7fei 7fc:#i&3?ftSo #53 
ttl6«\ tT-AX^U «y^-7«rffi^. S^-8»c 
■fc^TTSW^HStl. ffiaftl 7^-1^ 

;V«D^afT5fc«>. 6tiza-h7;H i yi' 
7^- 0T'^S©^M?rSttSo JfcS6fc 
iO ^jl— Arris 9 S7-<t— y-ffr*— 1 0t±ffig^i£l 

7i.i2S«f*4k:AS*-rSo ffi^ftl 7 57-9-!? 

^Ai2aiRft4fcA«-r5<, ccx-^m^m^i \xn 

^tiSfBS)tti 7©(iiffl^iai:«, ISSffi^i 3 TIB® 

■?zffimicfcvxftt>t\% 0 9ms. i <o«^%iES5-r 
zwrerummmw 1 3 fc^vxeajt 1 7 1 6 

^l±IH^« 1 3fC«^TIB®?fcl 7fc#Mftl 6*^ 
[00 4 3] ffi^«l«l 3»C*3^T. 6fcffi© 

[0044]gS^f 1 3»Cfe^Tiaeb«t3fc-rS1f 

\c£^x*tn??i&mm*4&im-£n2><, t— 
30 1 8 a t«t »? m« 1 4 tfiia&snstf, it^ia** 8 o 

SElc^fcii), 0—^—1 8 ct^oTiSfi 

ItWtifis f^lct^TSHlcffiiStb, «a©fe«3i:Sfi4 
■TSo fe*3»±^^SlSbTK)t^St*^{b-rsi4M?: 

[0 0 4 5] ^i«k:J:-5TagMa3 OfcfeJtSI 
40 E5»c43V>T. ffl^ 1 tiS 1 ©JIBS<D}g^k:*^5 

05RlRX^^h;l/^bTV^. Sfc. ft*82t±fe^3 
iCfcSSftlKX'^ h**a%b, ftiS3ti^^^J2»C 

[0 0 4 6] 06li. *a^Afe^(«f*4l<:^ 

bTj^S*M 8 8 nmOTfr^lSls— 9*— ?B9*bT, 

^ft?to^-rs^k:«k»?1f«%SSb/-c^<?D, *d?7 
SO m5£&6*t)MirZ£, ytM<0te&4 SSnmti 
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t> fcjg&gfflk 4 37nm?t!-i'tt3 4 0 0~4 6 

o n mnmmx'^m^mm^m^-r^o cna, mt 

2 <£ D fg£ LrcMt,\ mWKO^M 3 t guttle 

ni2 = noo2+DA0 2 / (A 2 -AO 2 ) 
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t>. A0tt<R^tf^fcfc5&g^£») N |gi(J!)SI8& 
«^aitc*>^S*n^ixffig^«:4T-t±4 3 7nm7? 

&*4>U #!m<9!feSA = 48 8 nm»Cfe^T<3D®DT^ 

So Sfex 05, 06Rtf5£ (1) SllO^fifc© 
S{fcavi>£< s fro, 5»^<fc<jaSf^«-iiS'>5-*T*a 
1 6©&SA*%i?^gij2<0**E!)gU A-AOCD 

[0 0 4 9] ^»c. l5SLfcff^«:S*-r5^afco^ 

rmm-r?> 0 mm<om^.itmm^ 1 so^^o^a 

EgjK»4»CB8«LTff^o Jf£»Bli:*trvrfcttB6 
fr&ffl&Snfcfttitf-A;*?''; y*7fc<fcoT#Bgft 

Sft N ^o^AfEg&fMte&AWLfc^,, 
[0 0 5 0] A&fLfc#iS^l 6ttfHS»«l 3lC^ 

m±.*mz>„ c<Q®mm±mmyti 7&&i.T^rc&m 

[0051] &\cmi<Dmm<D&mcfrfrzm5&mfrci 
xfn&^mim^m\c^xmmi,Tz 0 commas^ 

[0052] m&m*u-y^2±mimmmntk!&wim 
* **f k mm^m 2 Rt/fe ift 3 ico^tmi 1 <vgM 

[0 0 5 3] 1t?8<Dfeil«f2gft 1 7*3iiTS&myt \ 6 

& 3 mwi: u 1 wmmmtzmic z^-zn-irc mm 



[0 0 4 7] h;l/t^D^AfES«4 
[00 4 8] 

.... (1) 

SH£«*ny^AfBSUi<D«®j!>>& 3 0/* m<Dg!;*fc^ 
[00 5 4] sdM^tl 7*3&U&%Wl 6*mtVTc 

[0055] mnvmsiii. issjti 7*. mm~>*y 

[0 0 5 6] 3££ft;fc1i&*&^5;fci&^&ffig§ 
1 5 i: LTtt7* hy-f*-K*»gU 
- KttGflW 1 7 <9^<9®g±fc@£LTlHj$frfc98!l 

[0 0 5 7] «±iD^T»MLfciS^@7<3DS^1 

im-m&ic3 6 obit©w«*#€iitf*^T^5. 

T«WH« 1 3 l±*o ^ASS^f* 4 CD*®^c,30/i 
*P^A|BS«»4^®#ifi<0**^-r. F«jg|5 
<D *D AfB@5^»T-a^Sfifi!?-ec0*fBS!^ RlfigT- 
ASB^ft4«^^?ij^#-r5i:^^So JM 

J0 [00 58] J±t5E<3D/ci6, fie*fi^fc J: 5 HSr^^St; 



-7- 



13 

T&m<»i&mm>kVZiZ. a c t ic «t o % msm&<om tn 

^fcgffcS *n ^ AfBS&ttfcffl v>fcS*T?fe 
5. ^tl14£ffi«'r5ft«>, &j& vhy-y*x#«jg 

f^cfiirca&So £ft, ftM<D&mt. &m*m.mffi&-£ 
itz>rctbfgi<o$m<Dmf&tm%:*) x =457.9nm<o7A<rr 

[0 0 5 9] ft^2tc^^nfci^*ti^1«IQS<D^fc 

x^wi/jb<-&-rsfti&. &xofltKfl»tfXfl7r« 

ftit)T*D^ 24BMWM>ttra WNKTr £ ft 

a ^7 AfBS$M*»cIt^T4>ft < ftS. 
[0 0 6 0] £ft, % 1 ©gSfitcDjgSllciSSjfcn^A 

£H^ft. ■maftMkfflcAOEafllMi 3ttifi<DP3 
Qttl nm£tTT?£*>, *n^9Al*?RffiS*:<fc5*n 

fco 

[0 0 6 1] JU±«>Xttfr&« mi<DHSS©JBJH»c^^ 

*n^5AEWI»lt ti£*©&ffii:it<RLT®nft1£ 
S^/fxtf^&fr i: ft o ft. 

[oo62]^i <o3m<ommcfrfrz&ur?Ltm 

[0 0 6 3] mi K)fc»5S^J2©)teJc#-rSKfSk:«fc 

®«^iaoaaoe«3©!R3t«a««gfl:-rs. se 

*<0ft?i5-et±^ 1 fllcttU 1 4K)#?tfEJ&LTJB 

*f**«fl:-r*o*T»a&ofcfci6> * 1 ««Wli<ojg»te 
5*n^7 AfESHStt 4 £t*3&98fl5 £ Vct&t 5 fc 

■McJtttaU *D??£JBMItft4 0*eiUMUttli 
[0 0 6 4] Sg2fc, )ti:KJS-rsaiiJ4:, flBSMWo 
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T, 3ttK*Sb^OjaSf*%Sft«*5tf5 2O<0* 

fr^-ffiicgsft-r*&a*^?*fetfft?,-r. vamnmi 

K^Hi5nT^ft. 
[0 0 6 5]I3IC> fEflWRMitt. iU^BtioT 

eao* 5 fcv h y -y i ic-g^*zsm*m^z<&m 
tftt\ 

[0 0 6 6] M4JC. ffigfti 7M#Dti 6i:Sft 

<o<o. R3tfia»fiD«SK:*S^«*^ft<iSty. cod ft 
20 Mny? ACftJKfM>«Gft-tt 1 7 & #im 1 6 

aia-r5aaT»*o^Ai5Sjas»4»ces)fci 7rc; 
#ggjti 6tfsfciKsns©*8isuf scta<-es3„ ce 

[0 0 6 7] (M2©*]6a<D^«D #fgW<Off!2<£>ffe&6 

5?*>W8£S!li 9«fe<r\ fe^2 ota, 

[0 0 6 8] S2O«Mi<0)6ttlC43^T« fflffl-TS^ 
^*;l^g^ffjl 9l±3-H=.«>Affi*flH,->S. *ft> 

[0 0 6 9] S2 0*Bfi<D^»c*^5*a^A!Ea 

«, 02t^-r«it<Ofe<Oi:t-5. ±T«5M7X6 
a. 6 b a. *nWABMOiTaii«WU * 
n^AfBSUi^a-rSftfeODfeooT-^Sftiix C<0 
40 ^5ftgW^mftL, »oefMttflt«S«B3B:«Ml7ft 

—9-- 5 i <D$m<ommcts^Ttt7 vmmmzm 

iiWZV* Bf^tt«r*bSSt^bft^«SofcO 
i^-CM&bft^o 

[oo70]fi «^)SI»S«)jgfil»c^5*;c3^-7Afes 

*9S^*;l«*«i 9. 612 0^ fiSitfe 
LT96 : 2 : 2CD|!|-&-CilSELTi3t)x Cft6<D«fg 
50 «R«*a^AiaMi+k:i&-fc»*bTV'»*. Jt^ 



-8- 



75 

i/i3fi&£M 1 9 RU&m 2 0 (O^ V V y *X*f 1 \z% 
f§£SI 1 9 RU&M 2 0 <D9J-&#;*:£ < * o/c 15 

Sfci^^i^USCi:^?,, 3t^S>*;l>58£S>.Il 9 

*ny? AiE^/l ©^lito gj&Sr^ te.?z>rzib<Q$><D 

CO 0 7 1 ] VM> -y;7X#l 9 V U 

£fcJ:^g!;*nfc^;tf^X^tfW£ttSo 
CO 0 7 2] Tt^i^HS^Jl 9l±, 3-K^>>AiS 

c 0 0 7 3 3 &m 3 -c v >mm#£WT'& -> 
ntfm>*t>. «f*egtct±. ^-y-v-rvstsif*:, 30 

CO 0 7 4] ^2<0HSStD?g®k:*^5^a^7 

C007 5] (-O vh'J ^X#l CDM^T^S^U 
* * * U U- Y t > #7 &*uV&£M 1 9 ©MS 

<tV*smmttfc. SSJ±#9 6 : 2 : 2t*5i5I^ 

co 07 6] (n) mMtx.*Mc®M2-&rc®.n^ 3 

h U » *X# 1 m^x^;VtlJjc^-te^»$-a-S/c:» 

Co 0 7 7 ] ov> teMLitmrnm— icfmLfcmm 

C 0 0 7 8 ] (x) t>}3S<^5^A*7X 6 a t- 
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TZo i§{«<E>?L&x*;W±MS£U *a^9 

AIBSUI4 btfifSftS. 

C 0 0 7 9 ] (*) i(ji£<D53l # 7X 6 a±TSot> 
fL&x^;W*+Xh£ftT^*^lgU:fc:0l 0 

(b) tc^-Ti •? »cx^— y--5^rffig-T5 0 X^— It 
-5(±7>y*^Bl*^*»?, X"*— ■ 9"— 5<Dilf*«50 
M mT'* 5. £ c, »ctuj^«D53l**^X 6 a t «giK>53S 
2T7X6 bfcffljtU C05^7X6 b$:20<DX^ 
—9— 5 Stf±!B<D*a ^ 4 b <0±SPtcE« 

Cooso] ('x) 531**^X6 a%i 2 oa<oias»c 
SofcSST*, 010 (c) \cm?£o\cft&ff?X6 
bffl±gB;!r>£*n ^242^/1 4 b£*fLTJ%— tcffi*; 
%4n^.5„ *ay7AEISi4 bti±fr5cDflE*J»c<J:t> 
«lk:?l^ffitfsns. 20CX^- +f— 5 £53S:*f-7X 
6 b^?gg-rsct»c«fct), *a^Afa05fl4 bOj? 
»C5 0 /tmi&So 

[008 1] (h) 010 (d) \C7Ts.-?&o\Z*.U?^ 

CO 0 8 2 ] fc:fc, ^ 1 Stf^2 «>SlSS0D^k:^^5 

Thy.v^xSJ*k:-aif<:^®(5nT^5<Dk:^u ^ 
3«^Sac^lc^tt5*;a^AfBS^t±, 
SJ2^-g-ty)1£KiS®2 1 i:. fe^3^r-§-tr?KiKX^^ h 

^ftB2 2*^sic®jibfc:, &mmm*m-rzct 
y » ^ x^^wst^tc^f^ l fc t © t x fiii^hij 

•v^X«^#«S?S^H:jg^bfc:€,^5:Sii4rfc:ffljtL, 5 
^7X±fcfe^^r#tfWgi^*^^X hgt<tiX 

co 0 8 33 m3<D$m<D&m mc, m3<n>^m<r> 

i^T, UiB^-rs. ^3OI65S^^eft^5g«t±0i 
1 ^TfrtZ-bXcymz 3 ^*^<0Jt^fSS)t3 4 
£#Mft3 SCDZ^fC^tStafig^^Afce-AX^ 
y «y^-2 4£frr3. Sfc. IH^3 4 6D^ES±tC« 
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\£-2xX7V 9 Z- 2 4 <Djg< frZWtiGfflg.'gm 2 

±ttiif-i»xyyy^-2 4«oig<frp>mk:^7-2 
3t3 4 fc#f$EBt3 3*^M-rs«iige©jfi5a»ciBasn, 

£*:fEgH®{*2 9»i^-<D^ffl!lffiS5t43^T^tg3 61cJ: 
oTHJEStU fB®^2 9fl9&ffl!ffiSi5t»4tn^ilB3 

£#2 9©TSfr£fSg«^A*f-rS8t3sIi:fcoT<,> 
3. 

[0 0 8 4] m3(o$m<»&i&\cfrfrz&£8}*vy7 

Ufc^iSTt,, m3«*«5<omSIJc*^SJtSf£»t«R 20 
^A^g^2 9fc:*iL±®fr£>IBfi»t3 4tfSSIih* 

<D}ft®2 3*e-ZxX^U 9*— 2 4 iCfc^T 20lC# 50 
*n ^7i»M1t«fSSS^««>« &*8<hSKk# 

[0 0 8 5] ^3©HiSS^SIlc*^S*a^ 

m^rctmo&myr&iz^Tm 1 1 sr/B^-ctrFicSi 

HUTS. 

[0 0 8 6] WM2 3frt>mt*tirzmi, 
V vZ-24 T#Sgtt3 3 iES&fc 3 4 tctfgtsn 
So #K§7t3 3t±> e-WJ-y?-2 4»i> 
57-2 5k:<fc-3T73lRl*^MStU ESSft3 50 



#13200 2-2 9700 4 
/« 

4 l^KD&gfcfSfcgK #M?t3 3tt— a.— 

F7^fy->f^-7-f^W-2 6T&g©fiig5:S«- 
5. fOt57-3 1 tC*oT|fS73l^*^M*n. * 
ny7i i SSI#2 9kiT©ffi*^AI*-rSo £S)fc3 
4«, ^K^PS2 7T'fit«*^il?n. MtXfeRMO 

fcAIWS. CC-effilBffl»2 7Tff*>nSO»l63 
4 ©teffl^Sli: tt, ffifiS«« 3 o x>mm?%tm<Of*i® 

&®mmm 3 0 jc^Tiesstt 3 a t m®?t 3 3 im*> 
*5*5fctt«*aaiu ooii»g*ffis-rs&&«s 
mm3 oic«ir^TGfl(%3 4 smwk 

[00 8 7] SS«^3 0k:i3V>T. #M3t3 3£S& 

o fci§£\ GMM 3 0 tc#&1-S*SKB£*l 2 Strati 

[0 0 8 8] 9ttc, ESOiMko^licov-'TBm'r 
5. ESfiS«3 0fcfeVTlt«k:*SUrft»5^Sl2 J: 
0&tfSS£Lfc&. Jiaif3 5tJ;-3T*D^7i.£ 

mmt s. fern 3 EffiLT»jfc«Stf&{tr stt 

[0 0 8 9] l5^bfc1ta!*ll^-rS7JSfC0l,^ 

fESSS#4tcJfg*fLTfr-5. «*6a»&ffl«fS*lfc3tttt 

l± : £<V'&WM~> J r 9 9- 1 2 «rgBU5 C iT3SWStl, 

[0090] AW 3 3 tiffifi^l^ 3 0 \c*5^ 

TlilSfL, Baff3fcttilMBEB»K*»*CaBe3 2 0)t 
ES±*aS. COI3Sf3t»|ESJtt3 2*«WbT^^n 

[0091] (^<OflfiO*fia©}g^)±^OD*5JC, 

[0092] ms.ii. m i »&»3 osesao^mfc*»*» 

T> *W8^tb<tt^^*>W8ft»IfclBS6LTj|f 
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[0 0 9 3] Sfc. ^3«H»S£0Jgffi»c^^5SSi®* 

Axy y * *> = if^ffl^fc^n*«iiii±^s 

frfrSgfiti, 3 3 ttmMZ nS<D#*n A 

E^*2 9fc«bT)fc^ai§3 2i:(lCfflHc*5. $ 

ft, #<$tt 3 3 mswmyt 3 4 o*Dy7AES!ift 2 

WC-£Sfci{>. fegft©A»S«£*n^Ai2SSg 

#2 9(ommicnvrtnsmm.tLrzm^. JSgLftfir 
was© a 5 »c^iistci±/hs©^sittu— if-*Mffl-r 5 

Z£t*>T'%Z. t¥oTs B£ttM*?Fttlc<Ngfl7rS 20 

[0094] sfc. mi %.xfm3<z>$mcQ&mcfrfr2> 

*fcS5LTfe)tttagk:09iLtfCCDOi55S:255?7C« 
te*^*»&k*Cfc#W«&BB*fflVSSCi:teJ: io 
9 1 Bfc£ft0fflttHt» fiSrsT 1 

[0 0 9 5] cKDidfc. *5SWacc-p»±aB«LTI/-' 
[009 6] 

lr-4EB«4lrrS4«a ^AfEBJKffcRtf *ny9A5!1t 

[0097] $fc*^»cj;n(f, m^mtfm^mt 
[0098] zzic^wmcztiif, ftg&wgM&m 

\c Uttit *n^7 ACBB&& * p ^ 5 AMtit*8!Eg 
S£HB*S#-r 3 c i tf-c * s . 
[0M<Offi^^:SiW] 

[01] £11 ©SSSSOJgaitcfrfrSjfcn i^AfiE»«# jo 
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[02] ©^^j£fc*^3*n^7AiEgS&# 
[03] ^ 1 ©ftl&©^igfc:«5*n^AiSg«fl;<D 
[04 ] m 1 ©5lffi^Jigk:frfr3j§ai^*oy^AS 

1»^&ff£§i@*jjrri£iiK0-e;J& s . 

[05] |BS)tJ!gS<ft3<D, *n^A!Eg*«#©9aiKX 
[06] fBg^Bg^©, *n^AfEg&#<3D?RiKX 

[0 7 ] m i ©*6So}gsit*^>s*n L,mmmw 

ft mctt? 5 igSf ^*^-T 9<y 7T« s. 

[08] ^2©J|^^<gk:frfr3*o^AEg&& 
fcfettS, *iD^Affi^®*^-r»f[B0T*5. 

[09] ^*«ii«r*-r*a^AieS«^-r»fffi0 

[01 o] m2<o$m<QBmic&z&x3p?L.mmm# 
©tstxa^-r 0TS s„ 

[011] S&3<9S!»D^&tcj!)''frS, S*fS*Dy^ 
AS1t^f205S^B^^-r^0T*fe So 
[012] ttefeMlcfrfr-S, SI9*0jr?AaMME 

[^©SiW] 

1 Thy-^xtJ 

2 ftufgiya 

3 fem 

4 *D^7AE®J|* 

4 b *D^7AESf 

5 X"?— 9"— 

6 3KB 

6 a. 6 b 53S#^X 

7 t£-AX7y •>>*- 

8 S^— 

9 5-7— 

1 0 —3.— h^)\/ ; r>^'7-^—y^;V^— 
1 1 

1 2 «®h>* 
1 3 fE&SBig 
1 4 S38t 

14 a, 14b 7fcjiiS?L 
1 5 

i e mmt 

1 7 

1 8 a fc— 2 — 

i 8 b mmt 

18c iSSn^hn— 
1 9 ¥t?&H)VmEM 
20 M 
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